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Wklv sdshu uhsruwv wkh uhvxowv ri h{shulphqwv ghvljqhg wr whvw wkh wkhru| ri wkh rswlpdo
frpsrvlwlrq ri sul}hv lq frqwhvwv1 Zh qg wkdw zkloh lq wkh djjuhjdwh wkh ehkdylru ri rxu vxemhfwv
lv frqvlvwhqw zlwk wkdw suhglfwhg e| wkh wkhru|/ vxfk djjuhjdwh uhvxowv pdvn dq xqh{shfwhg
frpsrvlwlrqdo hhfw rq wkh lqglylgxdo ohyho1 Zkloh wkhru| suhglfwv wkdw vxemhfw hruwv duh
frqwlqxrxv dqg lqfuhdvlqj ixqfwlrqv ri delolw|/ wkh dfwxdo hruwv ri rxu oderudwru| vxemhfwv
elixufdwh1 Orz delolw| zrunhuv gurs rxw dqg h{huw olwwoh ru qru hruw zkloh kljk delolw| vxemhfwv
wu| wrr kdug1 Wklv glvfrqwlqxlw|/ zklfk lv pdvnhg e| djjuhjdwlrq/ kdv vljqlfdqw frqvhtxhqfhv
iru ehkdylru lq rujdql}dwlrqv1
Nh|zrugv= frqwhvwv/ doo0sd| dxfwlrqv/ h{shulphqwv1
MHO fodvvlfdwlrq qxpehuv= F<5/ G77/ M64/ G:5/ G;51
￿
Zh zlvk wr wkdqn Pdkhu Vdlg iru ydoxdeoh uhvhdufk dvvlvwdqfh dqg vhplqdu sduwlflsdqwv dw Kxperogw Xqlyhuvlw|
iru khosixo frpphqwv1 Wkh uvw dxwkru dfnqrzohgjhv qdqfldo vxssruw iurp wkh Jhupdq Vflhqfh Irxqgdwlrq/ GIJ1
Ixuwkhupruh kh wkdqnv wkh Fhqwhu iru H{shulphqwdo Vrfldo Vflhqfh +FHVV, dw Qhz \run Xqlyhuvlw| iru lwv krvslwdolw|1
￿
Ghsduwphqw ri Hfrqrplfv/ Wloexuj Xqlyhuvlw|/ Zdudqghoddq 5/ Srvwexv <3486/ 8333 OH Wloexuj/ Wkh Qhwkhuodqgv/
Id{= .64 46 799 6375/ Hpdlo= z1pxhoohuCxyw1qo1
￿
Ghsduwphqw ri Hfrqrplfv/ Qhz \run Xqlyhuvlw|/ 59< Phufhu Vwuhhw/ Qhz \run/ Q1\1 43336099;:/ XVD/ Id{ 4
545 <<8 6<65/ Hpdlo= dqguhz1vfkrwwhuCq|x1hgx1
44 Lqwurgxfwlrq
Fdvxdo hpslulflvp lqglfdwhv wkdw pdq| rujdql}dwlrqv duh fkdudfwhul}hg e| d elixufdwlrq ri hruw
dprqj zrunhuv1 Zkloh rqh vxevhw dsshduv wr qrw eh deoh wr vwrs wkhpvhoyhv iurp zrunlqj +wkh idvw
wudfn, wkh rwkhu vhhp dolhqdwhg dqg h{huwv qr hruw dw doo1 Rqh lpphgldwh uhdfwlrq wr wklv vw|ol}hg
idfw lv wr dvvxph wkdw wkh lqfhqwlyh vwuxfwxuh xqghuo|lqj wkhvh zrun sdwwhuqv lv vxe0rswlpdo dqg
wkdw li wkh rujdql}hu ri wkh up frxog rqo| uhghvljq wkh sd| ru surprwlrq vwuxfwxuh lq wkh up/
vxfk glfkrwrprxv ehkdylru frxog eh holplqdwhg1
Lq wklv sdshu zh vxjjhvw wkdw lq klhudufklf rujdql}dwlrqv zkhuh surprwlrq srvvlelolwlhv
duh olplwhg/ vxfk dq hruw elixufdwlrq lv wkh qdwxudo ehkdylrudo uhvsrqvh wr dq rswlpdoo| ghvljqhg
lqfhqwlyh vwuxfwxuh1 Lq rwkhu zrugv/ wkh sureohp lq wkhvh rujdql}dwlrqv lv qrw wkdw wkh ghvljqhu
kdv idlohg wr vhw wkh rujdql}dwlrqdo sul}hv fruuhfwo| exw udwkhu/ jlyhq wkh rswlpdo sul}h +surprwlrq,
vwuxfwxuh/ wdohqwhg zrunhuv vhhp wr hqwhu lqwr d udw udfh iru surprwlrqv zlwk hdfk rwkhu zkloh ohvv
wdohqwhg rqhv/ vhh wkh zulwlqj rq wkh zdoo/ dqg gurs rxw nqrzlqj wkdw wkhlu fkdqfhv iru surprwlrq
duh olplwhg1
￿
Wr looxvwudwh rxu srlqw zh h{shulphqwdoo| whvw d prgho sursrvhg e| Ehqq| Progrydqx
dqg Dqhu Vhod +5334, hqwlwohg Rswlpdo Doorfdwlrq ri Sul}hv lq Frqwhvwv +khqfhiruwk P0V,1 Lq
wklv sdshu P0V ghulyh wkh rswlpdo vhw ri sul}hv iru dq rujdql}dwlrq lqyroyhg lq prwlydwlqj zrunhuv
wkurxjk dq hruw wrxuqdphqw1 Wkh| lqyhvwljdwh upv zkhuh zrunhuv kdyh hlwkhu olqhdu/ frqyh{
ru frqfdyh frvw0ri0hruw ixqfwlrqv dqg zkhuh dq rujdql}dwlrqdo ghvljqhu kdv d olplwhg dprxqw ri
prqh| dydlodeoh iru erqxvhv wr eh dzdughg wr wkrvh zrunhuv zkrvh rxwsxwv duh kljkhvw1 +Dvvxph
wkdw rxwsxw lv olqhdu lq hruw dqg qrq0vwrfkdvwlf vr lq hvvhqfh hruw lv htxlydohqw wr rxwsxw dqg
erwk duh revhuydeoh,1 Wkh| ghprqvwudwh wkdw iru rujdql}dwlrqv zkhuh zrunhuv kdyh olqhdu ru frqfdyh
frvw0ri0hruw ixqfwlrqv/ wkh rswlpdo sul}h vwuxfwxuh lv rqh zkhuh wkh hqwluh sul}h exgjhw lv doorfdwhg
wr rqh elj sul}h zkloh li frvwv duh frqyh{/ lw pljkw eh rswlpdo wr glvwulexwh wkh exgjhw dprqjvw
vhyhudo sul}hv1 Zkdw lv lqwhuhvwlqj lv wkdw lq wkhvh frqwhvwv wkh htxloleulxp hruw ixqfwlrqv duh
frqwlqxrxv ixqfwlrqv ri wkh delolwlhv ri wkh zrunhuv zkloh lq wkh ode zh revhuyh lqglylgxdo hruw
ixqfwlrqv zklfk dsshdu wr eh glvfrqwlqxrxv vwhs ixqfwlrqv zkhuh orz delolw| zrunhuv gurs rxw dqg
h{huw }hur hruw zkloh kljk delolw| zrunhuv ryhu h{huw wkhpvhoyhv ohdglqj wr wkh elixufdwlrq ri hruwv
ghvfulehg deryh1
￿
Vxfk gurs0rxw ehkdylru lq wrxuqdqdphqwv kdv ehhq qrwhg ehiruh e| Vfkrwwhu dqg Zhljhow +4<<5, iru zrunhuv zlwk
uhodwlyoh| kljk frvwv ri hruw1 Lq wkdw sdshu d!updwlyh dfwlrq odzv zhuh vxjjhvwhg dv d srolf| lqwhuyhqwlrq wkdw frxog
eh xvhg wr uhfwli| wkh vlwxdwlrq1
5Wkh lurqlf dvshfw ri rxu h{shulphqwdo uhvxowv lv wkdw ghvslwh wklv elixufdwlrq ri hruw/
rq dyhudjh wkh sul}h vwuxfwxuhv sursrvhg e| P0V holflw dssur{lpdwho| wkh fruuhfw hruw ohyhov vr
wkdw zlwk uhvshfw wr wkh phdq |rx frxog vd| wkh| zrun1 Hyhq pruh lqwhuhvwlqj lv wkh idfw wkdw
zkhq zh djjuhjdwh rxu gdwd dfurvv oderudwru| zrun jurxsv/ hruwv dsshdu wr eh frqwlqxrxv vr wkdw
wkh revhuyhg elixufdwlrq ri hruwv lv kdug wr ghwhfw rq wkh djjuhjdwh ohyho1
Wr looxvwudwh wklv srlqw/ vd| d frusrudwlrq kdv pdq| sodqwv hdfk xvlqj wkh vdph lqfhqwlyh
vwuxfwxuh1 Lq dgglwlrq/ vd| wkdw wkh frusrudwlrq*v khdgtxduwhu vhwv wkh vdph lqfhqwlyh vwuxfwxuh xs
lq hdfk sodqw1 Li rqh frxog revhuyh wkh hruwv dqg delolwlhv ri wkh zrunhuv lq doo ri wkhvh sodqwv
+dv zh fdq lq wkh ode, dqg djjuhjdwh wkhp/ lw zrxog dsshdu wkdw ehkdylru lv yhu| frqvlvwhqw zlwk
wkh P0V wkhru| +l1h1/ lw zrxog dsshdu wkdw wkh djjuhjdwh hruw ixqfwlrq kdg wkh uljkw vkdsh/ zdv
dssur{lpdwho| frqwlqxrxv/ dqg h{klelwhg d phdq hruw ohyho wkdw zdv dssur{lpdwho| htxdo wr wkdw
suhglfwhg e| wkh wkhru|, zkloh ehkdylru rq wkh lqglylgxdo dqg sodqw ohyho zrxog whoo d yhu| glhuhqw
vwru|1 Rxu glvfxvvlrq khuh frqfhuqv lwvhoi zlwk kljkhu prphqwv ri wkh glvwulexwlrq ri hruw rq wkh
sodqw ohyho1 Zkloh hfrqrplvwv pljkw ihho wkdw d ulvn qhxwudo up pljkw rqo| fduh derxw wkh phdq
hruw ohyhov ri lwv zrunhuv dqg qrw wkh kljkhu prphqwv/ zh vxvshfw wkdw sv|fkrorjlvwv zrxog eh wkh
uvw wr lqglfdwh wkdw dq lqfhqwlyh v|vwhp wkdw fuhdwhv dq rujdql}dwlrq frpsrvhg ri d vhw ri dolhqdwhg
gurs0rxwv dqg d vhw ri zrundkrolfv lv erxqg/ lq wkh orqj uxq wr eh g|vixqfwlrqdo1
Rxu uhvxowv kdyh frqvhtxhqfhv idu eh|rqg wkrvh dvvrfldwhg zlwk holflwlqj hruwv lq d
zrun rujdql}dwlrqv1 I ru h{dpsoh/ ohw xv vd| wkdw froohjhv kdyh prqh| dydlodeoh iru vfkroduvklsv
dqg zdqw wr glvwulexwh wkhvh ixqgv dprqjvw lwv dssolfdqwv1 Lq d vrflhw| zkhuh vrph vwxghqwv duh
glvdgydqwdjhg rxu h{shulphqwdo uhvxowv zrxog lqglfdwh wkdw vxfk vwxghqwv zrxog gurs rxw dqg h{huw
qr ru vxerswlpdo dprxqw ri hruw lq wkh frpshwlwlrq iru wkhvh sul}hv zkloh rwkhuv zrxog hqwhu d
udw udfh1 Lq idfw/ wklv skhqrphqrq lv zkdw kdv zruulhg vr pdq| shrsoh lqwhuhvwhg lq hgxfdwlrq
srolf| lq wkh Xqlwhg Vwdwhv1 Wkh fkloguhq ri wkh sulylohjhg duh revhvvhg zlwk froohjh dgplvvlrqv
dqg hdjhuo| hqwhu wkh udw0udfh dvvrfldwhg zlwk lw/ zkloh wkh xqghu0sulylohjhg gurs rxw1
Lq wklv sdshu zh zloo surfhhg dv iroorzv= Lq wkh qh{w vhfwlrq zh zloo suhvhqw wkh P0V
prgho dqg lwv uhvxowv1 Lq Vhfwlrq 6 zh zloo ghvfuleh rxu h{shulphqwdo ghvljq zkloh lq Vhfwlrq 7 zh
zloo suhvhqw rxu uhvxowv1 Ilqdoo|/ lq Vhfwlrq 8 zh zloo rhu vrph frqfoxvlrqv dqg glvfxvvlrq1
65 Wkh Progrydqx0Vhod Wkhru|
514 Prgho Vshflfdwlrq
Lq wklv vhfwlrq zh od| rxw wkh prgho xqghuo|lqj rxu h{shulphqwv dqg lwv suhglfwlrqv1 Lq grlqj vr
zh frqqh rxuvhoyhv wr wkh vshfldo fdvhv uhohydqw iru rxu h{shulphqwv1 Iru pruh jhqhudo uhvxowv vhh
Progrydqx dqg Vhod +5334,1
Dvvxph wkdw wkhuh h{lvwv dq rujdql}dwlrq zlwk n  6 frqwhvwdqwv frpshwlqj lq d frqwhvw lq
zklfk wzr sul}hv fdq eh dzdughg1 Wkh +frpprqo| nqrzq, ydoxhv ri wkh sul}hv duh Y
￿  Y
￿  3 zlwk
Y
￿ . Y
￿ @ 4= Lq wkh frqwhvw sod|huv vlpxowdqhrxvo| h{huw hruw {
￿ wkhuhe| lqfxuulqj frvw f
￿ +{
￿ ,1
Wkh ixqfwlrq = U
￿ $ U
￿ lv vwulfwo| lqfuhdvlqj zlwk +3, @ 3 dqg f
￿ A 3 lv dq delolw| sdudphwhu1
Qrwlfh wkdw wkh orzhu delolw| f
￿ wkh pruh deoh lv sod|hu +l1h1/ wkh orzhu lv klv ru khu frvwv, dqg ylfh
yhuvd1
Lw lv dvvxphg wkdw wkh delolw| ri sod|hu l lv sulydwh lqirupdwlrq wr l1 Delolwlhv duh lqghshq0
ghqwo| gudzq iurp wkh lqwhuydo ^p> 4`> p A 3> dffruglqj wr wkh +frpprqo| nqrzq, glvwulexwlrq
ixqfwlrq I zlwk I
￿ A 3= Wkh frqwhvwdqw zlwk wkh kljkhvw hruw zlqv wkh sul}h Y
￿ / wkh frqwhvwdqw
zlwk wkh vhfrqg kljkhvw hruw zlqv sul}h Y
￿ zkhuhdv doo rwkhu frqwhvwdqwv zlq qrwklqj1 Dffruglqjo|/
wkh sd|r ri frqwhvwdqw l zkr kdv delolw| f
￿ dqg h{huwv hruw {
￿ lv hlwkhu Y
￿ f
￿ +{
￿ , li l zlqv sul}h m>
ru f
￿ +{
￿ , li l grhv qrw zlq d sul}h1 Qrwh/ wkhq/ wkdw wklv frqwhvw ghqhv dq doo0sd| dxfwlrq zkhuh
elgghuv pdnh hruw elgv dqg sd| wkh frvw dvvrfldwhg zlwk wkhlu ghflvlrq qxpehuv zkhwkhu wkh| zlq
ru qrw1 Wkh frqwhvw ghvljqhu ghwhuplqhv wkh qxpehu ri sul}hv dqg krz wr doorfdwh wkh sul}h vxp








wkh frqwhvwdqwv* htxloleulxp0hruw ixqfwlrqv1
Dvvxplqj wkdw doo frqwhvwdqwv rwkhu wkdq l pdnh dq hruw dffruglqj wr wkh ixqfwlrq e dqg














￿ +n  4,I +e
￿
￿










Khuh wkh idfwru diwhu Y
￿ lv wkh suredelolw| wkdw { lv wkh kljkhvw dprqj doo hruwv dqg wkh idfwru
diwhu Y
￿ lv wkh suredelolw| wkdw { lv wkh vhfrqg kljkhvw dprqj doo hruwv1
Lq wkh h{shulphqwv zh fkrvh n @ 7> p @ 3=8 dqg d xqlirup glvwulexwlrq ri delolwlhv/ l1h1/
I +f, @ 5f  4> f 5 ^3=8> 4`=
7515 Suhglfwlrqv dqg Suhvfulswlrqv
￿
Olqhdu frvw ixqfwlrqv= Lq fdvh doo frqwhvwdqwv kdyh olqhdu frvwv/ l1h1/ +{, @ { wkh rswlpdo dqg
v|pphwulf hruw ixqfwlrq fdq eh vkrzq wr eh
e+f, @ Y
￿ D+f, . Y
￿ E+f, +5,
zlwk
D+f, @ 69 . 7;f  45f
￿
 57 oq f dqg E+f, @ ;7  453f . 69f
￿
. 7; oq f= +6,
Wxuqlqj wr wkh ghvljqhuv sureohp/ ohw Y
￿ @  dqg Y
￿ @ 4  > zkhuh 3    4@5 vxfk
wkdw wkh vhfrqg sul}h lv vpdoohu wkdq wkh uvw1 D frqwhvwdqw*v htxloleulxp hruw lv wkhuhiruh jlyhq







￿ ^D+f, .  +E+f,  D+f,,` I












































^E+f,  D+f,` I
￿ +f,gf=
Vlqfh wkh ghqlwh lqwhjudo lq wklv fdvh lv qhjdwlyh/ wkh vroxwlrq wr wklv sureohp lv  @ 3 vxfk
wkdw lw lv rswlpdo iru wkh ghvljqhu wr dzdug rqo| rqh sul}h/ l1h1/ Y
￿ @ 4 dqg Y
￿ @ 3=
Txdgudwlf frvw ixqfwlrqv= Lq fdvh doo frqwhvwdqwv kdyh txdgudwlf frvwv/ l1h1/ +{, @ {
￿
> wkh









￿ D+f, . Y
￿ E+f, +7,
zkhuh D+f, dqg E+f, duh ghqhg dv lq +6,1
























+D+f, .  +E+f,  D+f,,, I
￿ +f,gf
dqg lw wxuqv rxw wkdw lq wklv fdvh lw lv rswlpdo wr dzdug wzr htxdo sul}hv/ l1h1 Y
￿ @ Y
￿ @ 3=8=
Khqfh/ wkh suhvfulswlrqv ri wkh prgho duh fohdu1 Zkhq frvwv duh olqhdu wkh rswlpdo sul}h
vwuxfwxuh lv rqh zkhuh doo wkh exgjhw dydlodeoh iru sul}hv lq wkh rujdql}dwlrq duh oxpshg wrjhwkhu
!
Vhh Progrydqx dqg Vhod +5334, iru d ixoo ghulydwlrq ri wkhvh uhvxowv1
8Wuhdwphqw Ghvfulswlrq &Vxemhfwv Shulrg Hqgrzp1 Pd{1 Hruw &Shulrgv
OF04 olqhdu frvwv 9  7 @ 57 3155 41<9 83
Y
￿ @ 4> Y
￿ @ 3




TF04 txdgudwlf frvwv 8  7 @ 53 3155 4186 83
Y
￿ @ 4> Y
￿ @ 3





lqwr rqh judqg sul}h zkloh zkhq frvwv duh txdgudwlf wzr htxdoo| ydoxdeoh sul}hv ghqh wkh rswlpdo
sul}h vwuxfwxuh1
6 H{shulphqwdo Ghvljq dqg Surfhgxuhv
Lq wkh h{shulphqwv zh uho| rq d fodvvlf 50e|05 ghvljq= Zh lpsohphqwhg frqwhvwv zlwk hlwkhu olqhdu ru
txdgudwlf frvwv dqg frpelqh wkhp zlwk wkh frpsrvlwlrqv ri sul}hv wkdw duh rswlpdo lq hdfk ri wkhvh
wzr fdvhv1 Wr eh pruh suhflvh/ lq wuhdwphqw OF04 doo vxemhfwv kdyh olqhdu frvwv dqg wkhuh lv rqo|
rqh srvlwlyh0ydoxhg sul}h= Y
￿ @ 4> Y
￿ @ 31 Dv zh kdyh vhhq deryh/ wklv sul}h frpsrvlwlrq lv rswlpdo
iurp wkh ghvljqhu*v shuvshfwlyh li frqwhvwdqwv kdyh olqhdu frvwv1 Lq wuhdwphqw TF05 doo vxemhfwv
kdyh txdgudwlf frvwv dqg wkhuh duh wzr htxdo sul}hv= Y
￿ @ 3=8> Y
￿ @ 3=81 Wklv sul}h frpsrvlwlrq lv
rswlpdo iurp wkh ghvljqhu*v shuvshfwlyh li frqwhvwdqwv kdyh txdgudwlf frvwv1 Lq wuhdwphqw OF05 doo
frqwhvwdqwv kdyh olqhdu frvwv dqg wkh frpsrvlwlrq ri sul}hv lv wkh rqh wkdw lv rswlpdo lq wkh txdgudwlf
fdvh1 Ilqdoo|/ lq wuhdwphqw TF04 doo frqwhvwdqwv kdyh txdgudwlf frvwv dqg wkh frpsrvlwlrq ri sul}hv
lv wkh rqh wkdw lv rswlpdo lq wkh olqhdu fdvh1 D vxppdu| ri rxu irxu wuhdwphqwv lv vkrzq lq Wdeoh
41
Wkh frpsxwhul}hg
" h{shulphqwv zhuh frqgxfwhg lq wkh h{shulphqwdo oderudwru| ri wkh Hfr0
qrplfv Ghsduwphqw dw Qhz \run Xqlyhuvlw| dqg wkh Fhqwhu iru H{shulphqwdo Vrfldo Vflhqfh1 Lq
hdfk vhvvlrq {hg jurxsv ri irxu vxemhfwv zhuh uhshdwhgo| pdwfkhg wr sduwlflsdwh lq d frqwhvw1 Hdfk
ri wkh h{shulphqwv frqvlvwhg ri 83 shulrgv1 Sd|rv zhuh ghqrwhg lq srlqwv1 Dw wkh ehjlqqlqj
#
Zh xvhg wkh vriwzduh wrro nlw }0Wuhh/ ghyhorshg e| Ilvfkedfkhu +4<<<,1
9ri hdfk shulrg hdfk vxemhfw zdv dvvljqhg d udqgrp qxpehu lqglfdwlqj wkhlu w|sh ru delolw|/ f
￿ 1
Hdfk udqgrp qxpehu zdv dq llg gudz iurp wkh vhw ri qxpehuv i3=8> 3=84> ===> 4=33j= Diwhu vxemhfwv
zhuh lqiruphg derxw wkhlu lqglylgxdo udqgrp qxpehuv/ wkh| vlpxowdqhrxvo| vxeplwwhg ghflvlrq
qxpehuv1 Wkh vhw ri dgplvvleoh ghflvlrq qxpehuv zdv i3=34> 3=35> ===> Pd{hruwj zkhuh Pd{hruw
zdv d qxpehu wkdw zdv 53 shu fhqw kljkhu wkdq wkh rswlpdo hruw ri d frqwhvwdqw zlwk delolw|
f @ 3=8 +wkh ehvw delolw| srvvleoh, lq d jlyhq wuhdwphqw1 Lq wuhdwphqw OF04/ OF05/ TF04/ dqg
TF05 wklv qxpehu zdv uhvshfwlyho| 41<9/ 31;5/ 4186/ dqg 31<<1 Vxemhfwv zhuh lqiruphg wkdw e|
fkrrvlqj d ghflvlrq qxpehu wkh| zrxog lqfxu ghflvlrq frvwv1 Wkh irup ri wkh frvwv +ghshqglqj
rq wkh wuhdwphqw, zdv h{sodlqhg erwk yhuedoo| dqg lq wkh irup ri d ghflvlrq frvw fdofxodwru wkdw
zdv dffhvvleoh lq hdfk urxqg1 Zkhq ihg zlwk d wuldo ghflvlrq qxpehu lw vkrzhg wkh dvvrfldwhg frvwv
jlyhq wkh vxemhfw*v udqgrp qxpehu lq wkh fxuuhqw shulrg1 Zh lpsohphqwhg wklv frvw fdofxodwru wr
khos wr dyrlg d eldv gxh wr wkh vxemhfwv* +srvvleo|, olplwhg frpsxwdwlrqdo fdsdelolwlhv1
Diwhu hdfk phpehu ri d jurxs kdg hqwhuhg klv ru khu ghflvlrq qxpehu/ wkh frpsxwhu frp0
sduhg doo ri wkh ghflvlrq qxpehuv ri wkh irxu phpehuv ri d jurxs1 Lq rqh0sul}h frqwhvwv/ wkh sod|hu
zlwk wkh kljkhvw ghflvlrq qxpehu uhfhlyhg d {hg sd|phqw ri rqh srlqw zkhuhdv doo rwkhu sod|0
huv uhfhlyhg qr dgglwlrqdo sd|phqw1 Lq wzr0sul}h frqwhvwv/ wkh wzr sod|huv zlwk wkh wzr kljkhvw
ghflvlrq qxpehuv uhfhlyhg d {hg sd|phqw ri 318 srlqwv zkhuhdv doo rwkhu sod|huv uhfhlyhg qr
dgglwlrqdo sd|phqw1 Li lq wkh rqh0sul}h frqwhvwv/ wzr ru pruh jurxs phpehuv fkrvh wkh kljkhvw
ghflvlrq qxpehu/ lw zdv udqgrpo| ghflghg zklfk ri wkhvh wlhg phpehuv uhfhlyhg wkh sul}h ri
rqh srlqw1 Lq fdvh ri wlhv lq wkh wzr0sul}h frqwhvwv zh surfhhghg lq d vlplodu idvklrq zklfk zdv
h{sodlqhg lq wkh lqvwuxfwlrqv1 Lw zdv dovr h{sodlqhg dqg hpskdvl}hg wkdw ghflvlrq frvwv zrxog eh
vxewudfwhg qr pdwwhu zkhwkhu ru qrw d vxemhfw kdg zrq1 Wklv lpsolhv wkdw vxemhfwv frxog pdnh
orvvhv1 Wr fryhu wkrvh/ vxemhfwv jrw d oxps0vxp ihh ri '81 +Jlyhq wkh h{fkdqjh udwh ri 48 srlqwv
@ '4 lq hdfk wuhdwphqw/ doo vxemhfwv vwduwhg zlwk dq dprxqw ri :8 srlqwv lq wkhlu h{shulphqwdo
dffrxqwv1, Dgglwlrqdoo|/ lq hdfk shulrg vxemhfwv uhfhlyhg dq lqlwldo shu0shulrg hqgrzphqw wkdw zdv
htxdo wr wkhlu h{shfwhg frvwv lq htxloleulxp1
$ Wkh vshflf qxpehuv duh vkrzq lq Wdeoh 41
Diwhu hdfk shulrg/ wkh ihhgedfn vfuhhq uvw lqiruphg d vxemhfw zkhwkhu ru qrw vkh kdg zrq
dq dgglwlrqdo sd|phqw1 Ixuwkhupruh/ wkh vfuhhq uhlwhudwhg d vxemhfw*v udqgrp qxpehu/ ghflvlrq
qxpehu/ ghflvlrq frvwv/ wkh glhuhqfh ehwzhhq wkh sd|phqw lq wkh suhylrxv shulrg dqg wkh ghflvlrq
frvwv +h{foxglqj wkh lqlwldo hqgrzphqw shu shulrg, dqg lqglylgxdo hduqlqjv lq wkh suhylrxv shulrg
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dqg EEf duh jlyhq e| +6,1 Qrwh wkdw h{shfwhg frvwv lq htxloleulxp gr qrw ghshqg rq wkh irup ri wkh frvw ixqfwlrq1
:lqfoxglqj wkh lqlwldo hqgrzphqw shu shulrg1 D odvw slhfh ri lqirupdwlrq wkdw zdv jlyhq wr vxemhfwv
ghshqghg rq wkh qxpehu ri sul}hv lq d wuhdwphqw dqg rq zkhwkhu ru qrw d vxemhfw kdg zrq d sul}h1
Lq rqh0sul}h frqwhvwv/ d vxemhfw wkdw kdg qrw zrq d sul}h zdv lqiruphg derxw wkh udqgrp qxpehu
ri wkh zlqqlqj vxemhfw1 Lq wzr0sul}h frqwhvwv/ d vxemhfw wkdw kdg zrq d sul}h zdv lqiruphg derxw
wkh udqgrp qxpehu ri wkh rwkhu zlqqlqj vxemhfw zkhuhdv d vxemhfw wkdw kdg qrw zrq d sul}h zdv
lqiruphg derxw wkh udqgrp qxpehuv ri wkh wzr zlqqlqj vxemhfwv1
Lq rughu wr dyrlg lqfrph hhfwv sduwlflsdqwv zhuh lqiruphg wkdw diwhu wkh frpsohwlrq ri
wkh h{shulphqw whq rxw ri wkh iw| shulrgv zrxog eh udqgrpo| vhohfwhg wr frxqw wrzdugv prqhwdu|
hduqlqjv1 Wkdw lv/ vxemhfwv zhuh sdlg dffruglqj wr wkh vxp ri wkhlu lqglylgxdo hduqlqjv lq wkhvh whq
urxqgv1 Ilqdoo|/ lq rughu wr pdnh vxuh vxemhfwv kdg d jrrg xqghuvwdqglqj ri wkh ghflvlrq sureohp
dqg wkh surfhgxuhv/ zh vwduwhg hdfk h{shulphqw zlwk wkuhh wuldo shulrgv wkdw glg qrw frxqw wrzdugv
prqhwdu| hduqlqj1
Wkh h{shulphqwv uhsolfdwhg wkh h{dpsohv ri frqwhvwv ghvfulehg lq vhfwlrq 51 Wkh ghflvlrq
qxpehu fruuhvsrqgv wr hruw/ wkh udqgrp qxpehu wr d vxemhfw*v delolw|/ wkh ghflvlrq frvwv wr d
vxemhfw*v glvxwlolw| ri hruw/ dqg wkh sd|phqw fruuhvsrqgv wr wkh sul}h+v,1
Vrph uhpdunv uhjduglqj rxu h{shulphqwdo ghvljq duh lq rughu1 Iluvw/ zh dyrlghg ydoxh0odghq
whupv lq wkh lqvwuxfwlrqv1 Vxemhfwv zhuh qhyhu fdoohg frqwhvwdqwv ru frpshwlwruv1 Vlploduo|/ rwkhu
sod|huv zhuh fdoohg rwkhu jurxs phpehuv1 Dovr sul}hv zhuh fdoohg {hg sd|phqwv1 Vhfrqg/
hdfk vxemhfw sduwlflsdwhg lq rqo| rqh wuhdwphqw1
7 Uhvxowv
Lq wklv vhfwlrq zh zloo suhvhqw wkh uhvxowv ri rxu h{shulphqwv1 Zh zloo gr wklv e| uvw suhvhqwlqj
wkh djjuhjdwh uhvxowv wkdw/ dv zh kdyh qrwhg lq wkh lqwurgxfwlrq/ dsshdu wr vwurqjo| vxssruw wkh
wkhru|1 Krzhyhu/ zkhq wklv lv grqh zh zloo glvdjjuhjdwh rxu uhvxowv dqg orrn dw wkhp pruh qho|1
Khuh zh zloo ghprqvwudwh wkdw wkhvh djjuhjdwh uhvxowv pdvn wkh elixufdwlrq skhqrphqrq zh kdyh
glvfxvvhg deryh1
714 Djjuhjdwh Uhvxowv
Wkhuh lv d vhqvh lq zklfk dq rujdql}dwlrqdo ghvljqhu qhhg fduh rqo| derxw djjuhjdwh ru dyhudjh
uhvxowv1 Vlqfh kh lv ghvljqlqj wkh rujdql}dwlrq wr pd{lpl}h phdq hruw ohyhov dqg uhyhqxhv/ wkhvh
vkrxog eh wkh yduldeohv kh orrnv dw1 Lq dgglwlrq/ li kh lv ulvn qhxwudo kh qhhg qrw zruu| krz wkhvh
;phdqv zhuh frpsrvhg1
Lq olqh zlwk wklv zd| ri wklqnlqj zh uvw suhvhqw wkh djjuhjdwh ru phdq uhvxowv ri rxu
h{shulphqw dqg frqfhqwudwh rq hruw ehkdylru dqg uhyhqxh lq wkh irxu wuhdwphqwv1 Dowkrxjk zh
zloo dovr suhvhqw vxppdu| vwdwlvwlfv iru doo urxqgv ri wkh h{shulphqw/ zh zloo frqfhqwudwh rq uhvxowv
lq wkh vhfrqg kdoi ri wkh h{shulphqw zkhq vxemhfwv duh pruh h{shulhqfhg1 Dovr/ xqohvv zh h{solflwo|
vwdwh rwkhuzlvh/ lq doo vxevhtxhqw vwdwlvwlfdo whvwv ri wklv vhfwlrq zh wdnh rqh vhvvlrq*v dyhudjh wrwdo
hruw lq wkh vhfrqg kdoi ri wkh h{shulphqw dv rqh revhuydwlrq1
71414 Hruw Ehkdylru
Zh zloo vwduw rxu glvfxvvlrq e| orrnlqj dw wkh hruw ehkdylru ri rxu vxemhfwv dw wkh djjuhjdwh ohyho1
Wr gr wklv frqvlghu Iljxuh 41
Lq Iljxuh 4 zh kdyh irxu judskv/ rqh iru hdfk ri rxu irxu wuhdwphqwv1 Lq hdfk judsk zh
suhvhqw wkh htxloleulxp hruw ixqfwlrq +vrolg olqh, iru wkh sdudphwhuv ghqlqj wkdw wuhdwphqw dv
zhoo dv wkh dyhudjh hruw ixqfwlrq +gdvkhg olqh, ehlqj wkdw qrq0olqhdu ixqfwlrq ri wkh vdph irup dv
wkh htxloleulxp ixqfwlrq wkdw ehvw wv wkh vfdwwhu ri phdq hruwv suhvhqwhg lq wkh gldjudp1 Lq rwkhu
zrugv/ iru dq| delolw| uhdol}dwlrq rq wkh krul}rqwdo d{lv/ wkh khljkw ri htxloleulxp hruw ixqfwlrq
ghqhv wkdw hruw zklfk lv d ehvw uhvsrqvh wr wkdw uhdol}dwlrq dqg wkh dvvxpswlrq wkdw doo rwkhuv
duh xvlqj wkh vdph htxloleulxp ixqfwlrq/ zkloh wkh khljkw ri wkh dyhudjh hruw ixqfwlrq suhvhqwv wkh
frqglwlrqdo phdq hruw pdgh dw wkdw uhdol}dwlrq1 Wr vkrz wkh sdwwhuq ri hruwv zh dovr suhvhqw wkh
vfdwwhu ri hruwv uhsuhvhqwlqj wkh phdq ri wkh dfwxdo hruwv sodfhg zkhq wkdw delolw| zdv uhdol}hg1
Wkhuh duh vhyhudo wklqjv wr qrwh derxw Iljxuh 41 Iluvw wkh dyhudjh hruwv pdgh vhhp wr
wudfn wkh vkdsh ri wkh htxloleulxp hruw ixqfwlrq txlwh zhoo1 Vhfrqg/ hruw ehkdylru dsshduv wr eh
frqwlqxrxv lq wkdw/ rq dyhudjh wkhuh grhv qrw dsshdu wr eh dq| odujh glvfrqwlqxlwlhv lq ehkdylru1
Ilqdoo|/ wkh ohyhov ri hruwv dsshdu wr eh frqvlvwhqw zlwk wkh htxloleulxp hruw ixqfwlrq1 Wklv lv
sduwlfxoduo| wuxh iru wkh TF05 h{shulphqw zkhuh wkh htxloleulxp hruw ixqfwlrq dsshduv wr sdvv
gluhfwo| wkurxjk wkh plggoh ri wkh vfdwwhu ri phdq hruwv1 Iru wkh rwkhu wuhdwphqwv wkhuh dsshduv
wr eh ryhuh{huwlrq lq OF04 dqg OF05 dqg voljkw xqghu0h{huwlrq lq TF041
Wklv ehkdylru pdqlihvwv lwvhoi lq wkh dyhudjh uhyhqxh gdwd dv zhoo1 Wdeoh 5 suhvhqwv wkh phdq
uhyhqxh jhqhudwhg lq hdfk ri rxu wuhdwphqwv dorqj zlwk wkh uhyhqxh wkdw zrxog kdyh ehhq jhqhudwhg
e| rxu vxemhfwv li/ jlyhq wkhlu uhdol}dwlrqv/ wkh| kdg doo vxeplwwhg wkhlu htxloleulxp hruwv1 +Iru
wkh froxpq odehohg Vruwlqj vhh ehorz1,
Wkh uhyhqxh gdwd suhvhqwhg lq Wdeoh 5 duh frqvlvwhqw zlwk wkh revhuyhg hruw ehkdylru
<Iljxuh 4= Dyhudjh +,/ rswlpdo +vrolg olqh,/ dqg hvwlpdwhg +gdvkhg olqh, elg ixqfwlrqv lq wkh vhfrqg
kdoi ri wkh h{shulphqw1


























































Wdeoh 5= Revhuyhg uhyhqxh dqg hlflhqf| +Vwdqgdug ghyldwlrqv edvhg rq jurxs dyhudjhv lq sduhq0
wkhvhv,
44h{klelwhg lq Iljxuh 41 Zkloh uhyhqxh ohyhov zhuh deryh wkrvh suhglfwhg e| wkh htxloleulxp wkhru|
lq wkh OF04 dqg OF05 wuhdwphqwv +zlwk dyhudjh revhuyhg uhyhqxh ehlqj derxw 98( kljkhu wkdq
dyhudjh htxloleulxp uhyhqxh lq wkh OF04 wuhdwphqw +516<4 yv1 41785, dqg 58( kljkhu lq wkh OF0
5 wuhdwphqw +41785 yv1 41497,/ lq wkh TF04 wuhdwphqw wkh| zhuh ehorz e| derxw 4;( +41857 yv1
41;8<,1 Lq wkh TF05 wuhdwphqw dfwxdo dyhudjh uhyhqxhv zhuh uhpdundeo| rq wdujhw +41<96 yv1 41<77,1
Dsso|lqj d vljq0whvw
* wr wkh gdwd iurp wkh vhfrqg kdoi ri wkh h{shulphqw zh fdq uhmhfw wkh k|srwkhvlv
wkdw wkh phgldq revhuyhg uhyhqxh lv htxdo wr wkh htxloleulxp ohyho dw wkh 4 shu fhqw ohyho lq
wuhdwphqwv OF04/ OF05 dqg TF041 I ru wuhdwphqw TF05/ krzhyhu/ wklv k|srwkhvlv fdq qrw eh
uhmhfwhg dw dq| frqyhqwlrqdo vljqlfdqfh ohyho

+s @ 3=;8;/ wzr0wdlohg,1
Uhfdoo wkdw wkhru| suhglfwv wkdw lq d olqhdu0frvw frqwhvw uhyhqxh lv pd{lpdo li rqo| rqh sul}h
lv dzdughg zkloh/ lq rxu txdgudwlf0frvw frqwhvw/ wkh ghvljqhu pd{lpl}hv wrwdo hruw e| dzduglqj
wzr htxdo sul}hv1 Erwk ri wkhvhv suhglfwlrqv duh frquphg e| rxu gdwd1 Dffruglqj wr Wdeoh 5 dqg
frqfhqwudwlqj rq uhvxowv lq wkh vhfrqg kdoi ri wkh h{shulphqw/ zh vhh wkdw zkhuhdv lq wuhdwphqw OF04
dyhudjh revhuyhg uhyhqxh lv 516<4 lw lv rqo| 41785 lq wuhdwphqw OF051 Wdnlqj rqh vhvvlrq*v dyhudjh
wrwdo hruw dv rqh revhuydwlrq/ d rqh0wdlohg Pdqq0Zklwqh| X0whvw uhyhdov wkdw wklv glhuhqfh lv
kljko| vljqlfdqw +s @ =334,1 Lq wkh txdgudwlf0frvw frqwhvwv/ wkh dyhudjh wrwdo hruw ri 41<96 lq
wuhdwphqw TF05 frpsduhv wr dq dyhudjh ri 41857 lq wuhdwphqw TF041 Djdlq wklv glhuhqfh lv
vwdwlvwlfdoo| vljqlfdqw +s @ 3=35;,=
Rqh pljkw dovr dvn/ krz uholdeoh wkh glhuhqw frqwhvwv duh lq whupv ri surgxflqj wkh ohyhov
ri dyhudjh wrwdo hruwv uhsruwhg lq Wdeoh 51 D orrn dw vwdqgdug ghyldwlrqv jlyhq lq sduhqwkhvhv lq
Wdeoh 5 lv uhyhdolqj= Rqh0sul}h frqwhvwv duh pruh vwdeoh wkdq wzr0sul}h frqwhvwv lq wkh vhqvh wkdw
vwdqgdug ghyldwlrqv duh orzhu lq wkh uvw wkdq lq wkh odwwhu +frqwhvwv zlwk olqhdu frvwv= 315;4 yv1
31645> frqwhvwv zlwk txdgudwlf frvwv= 315:3 yv1 31697,1
Ilqdoo|/ rqh fdq dvn zkhwkhu rxu frqwhvwv zhuh h!flhqw lq vruwlqj dqg surprwlqj zrunhuv1
Iru h{dpsoh/ li wkhuh duh rqh ru wzr srvlwlrqv dydlodeoh iru surprwlrq +dv lq rxu h{shulphqwdo
frqwhvwv,/ wkh jrdo zrxog eh wr vhohfw wkh zrunhu zlwk wkh kljkhvw delolw| ru/ uhvshfwlyho|/ wkh
zrunhuv zlwk wkh wzr kljkhvw delolwlhv1 Wklv fdq eh dfklhyhg zlwk wkh frqwhvwv vwxglhg lq wklv
sdshu vlqfh wkh htxloleulxp0hruw ixqfwlrqv duh vwulfwo| prqrwrqlf zlwk uhvshfw wr delolw|1 Wkxv li
doo vxemhfwv h{huw hruw dffruglqj wr wkh htxloleulxp hruw ixqfwlrq/ rswlpdo vruwlqj vkrxog rffxu1
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45Wkdw lv/ lq hdfk urxqg dqg hdfk jurxs ri irxu frqwhvwdqwv zh zrxog revhuyh wkdw wkh vxemhfw zlwk
wkh kljkhvw delolw| zrxog h{huw wkh kljkhvw hruw/ wkh vxemhfw zlwk wkh vhfrqg kljkhvw delolw| zrxog
h{huw wkh vhfrqg kljkhvw hruw/ dqg vr rq1 Fohduo|/ lq dq h{shulphqwdo vhwwlqj rswlpdo vruwlqj lq
wklv vwulfw vhqvh fdqqrw eh h{shfwhg wkurxjkrxw wkh hqwluh h{shulphqw1
/ Lqvwhdg zh mxvw dvn/ lq
krz pdq| fdvhv lw zdv wuxh wkdw wkh frqwhvwdqw zlwk wkh kljkhvw delolw| zrq d rqh0sul}h frqwhvw
uhvshfwlyho| lq krz pdq| fdvhv lw zdv wuxh wkdw wkh frqwhvwdqwv zlwk wkh wzr kljkhvw delolwlhv zhuh
zlqqhuv lq d wzr0sul}h frqwhvw1 Wkh uhvxowv duh glvsod|hg lq wkh iwk froxpq ri Wdeoh 5 odehohg
Vruwlqj1 Wkh hqwu| lq hdfk fhoo jlyhv wkh qxpehu ri fdvhv lq zklfk vruwlqj zrunhg dqg wkh qxpehu
ri doo fdvhv dorqj zlwk wkh shufhqwdjh lq sduhqwkhvhv1 Frqfhqwudwlqj rq wkh uhvxowv lq wkh vhfrqg
kdoi ri wkh h{shulphqw/ vruwlqj lq wklv zhdnhu vhqvh rffxuuhg lq uhvshfwlyho| 8:16(/ 791:(/ 9419(
dqg 8513( ri wkh fdvhv lq wuhdwphqw OF04/ OF05/ TF04 dqg TF05/ uhvshfwlyho|1 Sxw glhuhqwo|/
lq derxw 73( +83(, ri wkh fdvhv lq wkh rqh0sul}h +wzr0sul}h, frqwhvwv/ frqwhvwdqwv qrw kdylqj wkh
kljkhvw delolwlhv zrq wkh frqwhvwv1 Krzhyhu/ qrwh wkdw iru h{dpsoh lq wkh pdmrulw| ri fdvhv lq zklfk
vruwlqj glg qrw zrun lq wkh wzr rqh0sul}h frqwhvwv/ wkh zlqqhu ri wkh frqwhvw zdv wkh vxemhfw kdylqj
wkh vhfrqg kljkhvw delolw| zkr kdsshqhg wr h{huw dq hruw juhdwhu wkdq wkh kljkhvw0delolw| vxemhfw1
Khqfh lw lv wkh udw udfh wkdw lv uhvsrqvleoh iru lqh!flhqflhv1
0 Qrwh qdoo| wkdw/ qrq0vxusulvlqjo|/
wkh shufhqwdjh ri fdvhv lq zklfk vruwlqj grhv zrun lv kljkhu lq rqh0sul}h frqwhvwv wkdq lq wzr0sul}h
frqwhvwv1
Lq vxppdu| dv suhglfwhg e| wkh wkhru|/ zh qg wkdw lq fdvh ri olqhdu frvwv d rqh0sul}h frqwhvw
udlvhv kljkhu uhyhqxhv wkdq d wzr0sul}h frqwhvw zkhuhdv lq fdvh ri txdgudwlf frvwv d wzr0sul}h frqwhvw
udlvhv kljkhu uhyhqxhv wkdq d rqh0sul}h frqwhvw1 Ixuwkhupruh/ frqwhvwv zlwk olqhdu frvwv vhhp wr
holflw h{fhvv hruwv zkloh wkrvh zlwk txdgudwlf frvwv holflw hruw ohyhov zklfk duh hlwkhu wrr orz ru
dssur{lpdwho| htxdo wr wkh htxloleulxp hruwv1 Ilqdoo|/ zh revhuyh wkdw lq rqo| 83093( ri wkh fdvhv
+ghshqglqj rq wkh wuhdwphqw,/ wkh frqwhvwv duh zrq e| wkrvh vxemhfwv kdylqj wkh kljkhvw delolwlhv1
715 Glvdjjuhjdwhg Uhvxowv
Dv zh kdyh vhhq deryh/ li rqh zhuh wr orrn rqo| dw rxu gdwd djjuhjdwhg zlwklq wuhdwphqwv/ rqh frxog
frph dzd| zlwk wkh lpsuhvvlrq wkdw ehkdylru zdv edvlfdoo| frqwlqxrxv dqg/ rq dyhudjh/ qrw idu iurp
wkdw suhglfwhg e| wkh wkhru|1 Lq wklv vhfwlrq ri wkh sdshu zh zloo dwwhpsw wr glvdexvh |rx ri wkrvh
1
Lq idfw/ rswlpdo vruwlqj lq wklv vwulfw vhqvh lv rqo| revhuyhg lq urxjko| whq shu fhqw ri doo urxqgv lq wkh vhfrqg
kdoi ri wkh h{shulphqw lq wkh irxu glhuhqw wuhdwphqwv1
2
Wkhuh duh/ krzhyhu/ dovr fdvhv lq zklfk frqwhvwdqwv zlwk wkh vhfrqg wr odvw delolw| ru wkh ohdvw delolw| zrq d
frqwhvw1
46lpsuhvvlrqv e| suhvhqwlqj d pruh glvdjjuhjdwhg dqdo|vlv ri rxu gdwd1 Zh zloo gr wklv lq vhyhudo
vwhsv1 Iluvw zh zloo suhvhqw d vpdoo vdpsoh ri lqglylgxdo hruw ixqfwlrqv suhvhqwhg mxvw wr jlyh |rx
d txlfn uvw lpsuhvvlrq ri zkdw w|slfdo hruw ehkdylru orrnhg olnh1 Zkloh wklv lv qrw dq h{kdxvwlyh
suhvhqwdwlrq ri doo hruw ixqfwlrqv/ wkh vxemhfwv zh vhohfw duh e| qr phdqv rxwolhuv vr wkh| vkrxog
jlyh |rx d jrrg lghd ri zkdw zh duh wdonlqj derxw1 Vhfrqg/ zh zloo suhvhqw d vhw ri klvwrjudpv/
rqh iru hdfk ri rxu irxu wuhdwphqwv/ zklfk ghvfuleh wkh hruwv vxemhfwv pdgh1 Wkhvh klvwrjudpv
zloo looxvwudwh wkh idfw wkdw hruwv whqghg wr eh elprgdo1 Wkh| zhuh hlwkhu khdylo| frqfhqwudwhg
durxqg }hur +iru wkrvh zkr gursshg rxw, ru vfdwwhuhg dfurvv kljk hruw ohyhov +iru wkrvh hqwhulqj
wkh udw udfh, zlwk uhodwlyho| ihz hruw ohyhov fkrvhq lq wkh plggoh hruw udqjhv1 Lq rwkhu zrugv/
hlwkhu shrsoh gursshg rxw ru wkh| hqwhuhg d udw udfh1 Ilqdoo|/ zh shuiruphg d prgho0vhohfwlrq
whvw e| frqwudvwlqj/ lqglylgxdo e| lqglylgxdo/ wkh jrrgqhvv ri w ri wkh ehvw wwlqj vwhs0zlvh olqhdu
hruw ixqfwlrq djdlqvw wkh ehvw wwlqj frqwlqxrxv ixqfwlrq ri wkh irup vshflhg e| wkh htxloleulxp
wkhru|1 Khuh zh wu| wr frqylqfh |rx wkdw vxemhfw ehkdylru fdq ehvw eh ghvfulehg e| d vwhs ixqfwlrq
fkdudfwhul}hg e| dq delolw| fxw0r ohyho f
3 vxfk wkdw iru doo delolwlhv ehorz f
3 +orz frvwv, hruw lv
yhu| kljk zkloh iru delolwlhv deryh f
3 +kljk frvwv, hruwv duh orz +ru }hur,1
71514 Lqglylgxdo hruw ixqfwlrqv
Iljxuh 5 suhvhqwv d vhw ri ; lqglylgxdo hruw ixqfwlrqv wzr hdfk vhohfwhg iurp rxu irxu wuhdwphqwv1
Zkloh qrw doo lqglylgxdov hruw lq wklv pdqqhu/ lq wklv vhfwlrq zh zloo dwwhpsw wr frqylqfh |rx wkdw
wkhvh hruw ixqfwlrqv duh wkh uxohv dqg qrw wkh h{fhswlrq1 Pruh suhflvho|/ zh zloo wu| wr frqylqfh
|rx wkdw udwkhu wkdq hruw lv fkrvhq lq d vprrwk dqg frqwlqxrxv pdqqhu/ w|slfdo ehkdylru fdq
eh fkdudfwhul}hg e| d glvfrqwlqxrxv vwhs ixqfwlrq zlwk d fxw r hruw ohyho ri f
3
4 iru lqglylgxdo l1
Zkloh f
3
4 ydulhv iurp lqglylgxdo wr lqglylgxdo/ dqg zkloh vrph lqglylgxdov ylrodwh wkh uxoh/ zh vwloo
frqvlghu wkhvh ; hruw ixqfwlrqv wr eh eurdgo| uhsuhvhqwdwlyh ri ehkdylru1
Qrwh krz gudpdwlf wkhvh hruw ixqfwlrqv duh1 Iru h{dpsoh/ vxemhfw 7 lq wuhdwphqw OF05
fohduo| h{klelwv d f
3
4 ri 31:3 dqg fohduo| gursv rxw iru doo delolw| ohyhov deryh lw zkloh vxemhfw 7 lq
wuhdwphqw TF04 gursv rxw iru doo f
3
4  31931 Qrwh/ lq dgglwlrq/ wkdw zkhq vxemhfwv h{huw srvlwlyh
hruw wkh| gr vr yhu| riwhq dw ohyhov idu deryh wkrvh suhvfulehg e| wkh htxloleulxp hruw ixqfwlrq1
Wkhvh gurs0rxw hruwv dqg ryhu h{huwlrqv duh suhflvho| wkh elixufdwlrqv wkdw zhuh ghvfulehg lq rxu
lqwurgxfwlrq1





Shukdsv d pruh h!flhqw zd| wr ghprqvwudwh wkh elixufdwlrq ri lqglylgxdo hruw lq wkhvh h{shulphqwv
lv wr suhvhqw Iljxuh 6 zklfk ghvfulehv wkh klvwrjudpv ri lqglylgxdo hruw ohyhov +rq wkh uljkw kdqg
vlgh, lq rxu irxu wuhdwphqwv dorqj zlwk zkdw zh zrxog h{shfw wkhvh klvwrjudpv wr orrn olnh li/ jlyhq
wkh dfwxdo delolw| gudzv ri rxu vxemhfwv/ wkh| kdg doo pdgh wkhlu htxloleulxp hruw fkrlfhv +rq wkh
ohiw kdqg vlgh,1
Wr ghvfuleh wkhvh klvwrjudpv ohw xv orrn uvw dw wkh wkrvh ri wuhdwphqw OF05 +vhfrqg iurp
wkh wrs lq Iljxuh 6,1 Dv zh vhh lq wkh ohiw sdqho/ li vxemhfwv kdg doo xvhg wkhlu htxloleulxp hruw
ixqfwlrqv wr vhohfw hruw ohyhov/ jlyhq wkh delolw| uhdol}dwlrqv lq wkh vhvvlrqv/ zh zrxog kdyh h{shfwhg
wr vhh d pruh ru ohvv xqlirup glvwulexwlrq ri hruwv1 E| frqwudvw/ wkh uljkw sdqho suhvhqwv zkdw
zh dfwxdoo| vdz zklfk lv txlwh glhuhqw1 Qrwh wkdw wkhuh duh d kxjh qxpehuv ri hruwv durxqg wkh
3 hruw ohyho lqglfdwlqj d odujh dprxqw ri gurs0rxw ehkdylru dv zhoo dv d odujhu qxpehu ri hruw
ohyhov deryh 3193 lqglfdwlqj odujhu wkdq h{shfwhg hruwv1 Wkh vdph sdwwhuq h{lvwv lq doo ri wkh rwkhu
Iljxuhv zlwk dq hyhq pruh surqrxqfhg elixufdwlrq lq wuhdwphqw TF04 dqg TF051
Iurp wkhvh klvwrjudpv lw vkrxog eh fohdu wkdw ehkdylru lq wkhvh h{shulphqwv zdv elprgdo1
Hlwkhu vxemhfwv gursshg rxw ru wkh| h{huwhg deryh h{shfwhg hruw ohyhov zklfk lv frqvlvwhqw zlwk
rxu elixufdwlrq k|srwkhvlv1
71516 Vwhs0I xqfwlrqv
Ilqdo vxssruw iru rxu elixufdwlrq k|srwkhvlv frphv iurp wkh iroorzlqj prgho vhohfwlrq h{huflvh1 Li
zh duh fruuhfw lq vxssrvlqj wkdw lqglylgxdo ehkdylru zdv elprgdo dqg h{klelwv hlwkhu gurs0rxw ru
ryhu0h{huwlrq ehkdylru/ wkhq zh zrxog h{shfw wkdw wkh ehvw wwlqj prgho ri lqglylgxdo hruw zrxog
eh d vwhs0ixqfwlrq fkdudfwhul}hg e| d fxw0r delolw| ohyho/ f
3
4 / vxfk wkdw li vxemhfw l*v revhuyhg delolw|/
f
4
/ zhuh deryh f
3





4 / wkh lqglylgxdo zrxog h{huw srvlwlyh dqg vxevwdqwldo hruwv1 Wklv prgho
fdq eh whvwhg djdlqvw wkh htxloleulxp prgho zklfk srvlwv d frqwlqxrxv hruw ixqfwlrq ri wkh irup
vshflhg e| +5, dqg +7,/ ru wkh ehvw wwlqj frqwlqxrxv hruw ixqfwlrq ri wkdw jhqhudo irup1
Wr frpsduh wkhvh prghov zh uvw w d vlpsoh vzlwfklqj uhjuhvvlrq prgho iru hdfk vxemhfw


















































4 dqg htxdo wr 3 rwkhuzlvh1 Wkh sdudphwhu f
3
4 5 i=84> =85> ===> 4j lv wkh ydoxh ri wkh delolw| dw zklfk








































Wkxv wkh judsk ri +8, frqvlvwv ri wzr olqh vhjphqwv zlwk lqwhufhswv 
7 ehiruh dqg 
7 . 
9 diwhu
wkh euhdn dqg vorshv 
8 ehiruh dqg 
8 . 





4 wkh judsk lq +8, kdv d glvfrqwlqxlw| rffxuulqj dw wkh srlqw ri vwuxfwxudo euhdn1 Wkh
ehvw0wwlqj euhdnsrlqw f
3
4 dqg wkh uhvshfwlyh frh!flhqwv lq +8, zhuh hvwlpdwhg iurp wkh gdwd1
Iru wklv sxusrvh/ zh hvwlpdwhg htxdwlrq +8, iru doo srvvleoh srlqwv ri vwuxfwxudo euhdn f
3
4 5
i=84> =85> ===> 4j dqg fkrvh dv wkh wkh rswlpdo euhdnsrlqw wkh rqh wkdw pd{lpl}hv wkh dgmxvwhg U
9
=
Xvlqj wkh fruuhvsrqglqj hvwlpdwhv ri wkh frh!flhqwv lq +8,/ zh wkhq frpsxwhg iru hdfk vxemhfw













dqg frpsxwhg/ vxemhfw e|
vxemhfw/ wkh vxp ri wkh vtxduh ghyldwlrq/ VVG
4
















































lv wkh revhuyhg hruw ri vxemhfw l lq shulrg w= Wkh dyhudjh VVG iru hdfk wuhdwphqw lv
jlyhq lq wkh vhfrqg froxpq lq Wdeoh 61
Zh frpsduhg wkh uhvxowlqj VVG
4















> wkh suhglfwlrqv ri wkh htxloleulxp hruw ixqfwlrqv dv jlyhq lq +5, dqg +7,1
Vhfrqg zh frpsduhg rxu VVG
4
*v wr wkrvh jhqhudwhg e| hvwlpdwlqj wkh ehvw wwlqj hruw ixqfwlrq
iru hdfk lqglylgxdo ri wkh i rup ri wkh uhvshfwlyh htxloleulxp0hruw ixqfwlrq lq hdfk ri wkh irxu
wuhdwphqwv dv jlyhq lq htxdwlrqv +5, dqg +7,1 Iru lqvwdqfh/ xvlqj ROV uhjuhvvlrq zh hvwlpdwhg iru


































, lv vxemhfw l*v hruw +delolw|, lq shulrg w= +Qrwh wkdw htxdwlrq +9, kdv wkh
irup ri wkh htxloleulxp hruw ixqfwlrq jlyhq lq +5, zlwk wkh h{fhswlrq wkdw wkh frh!flhqwv duh
xqghwhuplqhg1, Olnhzlvh iru wuhdwphqw OF051 Uhfdoo wkdw wkh htxloleulxp0hruw ixqfwlrqv iru wkh
wuhdwphqwv zlwk txdgudwlf frvwv/ l1h1 wuhdwphqwv TF04 dqg TF05/ duh wkh vtxduh urrwv ri wkh
htxloleulxp hruw0ixqfwlrqv lq wkh uhvshfwlyh olqhdu0frvwv wuhdwphqwv +frpsduh htxdwlrqv +5, dqg
+7,,1 Lq rughu wr eh deoh wr xvh ROV uhjuhvvlrq iru wkh hvwlpdwlrq lq wkhvh wuhdwphqwv/ wrr/ zh
surfhhg dv iroorzv1 Frqvlghu h1j1 wuhdwphqw TF041 Lqvwhdg ri hvwlpdwlqj +7, zh hvwlpdwhg wkh
prgho
4;Wuhdwphqw Dyhudjh vxp ri wkh vtxduh ghyldwlrq +VVG, edvhg rq s0ohyho
vzlwfklqj uhju1 prgho htxloleulxp htxloleulxp irup Zlofr{rq whvw
OF04 51;9 ;1:: 6196 31333
OF05 315< 41;5 317; 31333
TF04 31;: 617< 5143 31333
TF05 318< 513; 4138 31333
Wdeoh 6= Ryhuylhz= Vxp ri wkh vtxduh ghyldwlrq +VVG,
OF04 OF05 TF04 TF05
+phdq, +31:4, +31:;, +319:, +31;4,
OF04    
OF05 31346   
TF04 314:7 31333  
TF05 31336 31736 31333 




























l1h1/ wkh vtxduhg htxdwlrq1 Lq rughu wr frpsxwh wkh VVG
4
iru wkhvh fdvhv zh wkhq xvhg wkh udglfdo
ri wkh suhglfwhg hruwv1
Wkh uhvxowv ri rxu h{huflvh duh jlyhq lq Wdeoh 6 zklfk suhvhqwv wkh dyhudjh VVG
4
ydoxh iru
hdfk wuhdwphqw1 Froxpq 5 suhvhqwv wkh uhvxowv ri rxu vzlwfklqj uhjuhvvlrq prgho zkloh froxpqv 6
dqg 7 suhvhqw wkh uhvxowv ri rxu htxloleulxp dqg htxloleulxp0irup prghov/ uhvshfwlyho|1
Dv fdq eh vhhq/ rxu vlpsoh vzlwfklqj uhjuhvvlrq prghov fohduo| rxwshuirup wkh suhglfwlrq ri
erwk wkh htxloleulxp dqg htxloleulxp0irup prghov1 Lq idfw/ xvlqj d Zlofr{rq whvw wr frpsduh wkh
VVG
4
*v edvhg rq hlwkhu wkh vzlwfklqj uhjuhvvlrq prgho dqg wkh hvwlpdwhv edvhg rq wkh htxloleulxp0
irup uhjuhvvlrqv lqglfdwhv/ wkdw wkh iruphu jlyhv d kljko| vljqlfdqwo| ehwwhu w wkdq wkh odwwhu1
Wdeoh 7 vkrzv wkh dyhudjh fxw0r ohyhov lq hdfk ri wkh irxu wuhdwphqwv dv zhoo dv +wzr wdlohg,
s0ydoxhv ri sdluzlvh Pdqq0Zklwqh| X0whvwv1 Uhfdoo wkdw wkh vzlwfklqj uhjlph frqvlvwv ri wzr olqh
vhjphqwv zlwk d +srvvleoh, mxps ehwzhhq wkh wzr vhjphqwv1 Qrwh wkdw wkh dyhudjh fxw0r srlqwv
4<lq wkh rqh0sul}h frqwhvwv duh orzhu wkdq wkh dyhudjh fxw0r srlqwv lq wkh wzr0sul}h frqwhvwv +31:4
lq OF04 yv1 31:; lq OF05> 319: lq TF04 yv1 31;4 lq TF05,1 Dv lw wxuqv rxw/ wkhvh glhuhqfhv duh
dovr vwdwlvwlfdoo| kljko| vljqlfdqw1 Wklv phdqv wkdw vxemhfwv lq wkh rqh0sul}h frqwhvwv rqo| vwduw
wr h{huw vhulrxv hruw zkhq wkhlu delolw| sdudphwhuv/ wkh f
4
*v/ duh frpsdudwlyho| orz1 Wklv lpsolhv
wkdw wkh| h{huw orz hruw ohyhov ryhu d pxfk odujhu lqwhuydo ri wkh grpdlq ri wkhlu hruw ixqfwlrq1
Ilqdoo|/ qrwh wkdw wkh glhuhqfhv ehwzhhq fxw0r ohyhov lq wkh wzr rqh0sul}h dqg wkh wzr wzr0sul}h
frqwhvwv duh vpdoo dqg qrw vljqlfdqw1
71517 Frqfoxvlrqv dqg Glvfxvvlrq
Lw vkrxog eh fohdu iurp zkdw zh kdyh ghvfulehg wkdw ehkdylru lq oderudwru| rujdql}dwlrqv zlwk
zkdw lv fodlphg wr eh dq rswlpdo lqfhqwlyh vwuxfwxuh/ zkloh holflwlqj dyhudjh hruw ohyhov wkdw
zhuh dssur{lpdwho| zkdw wkh wkhru| h{shfwhg/ dovr ghwhuplqhg ehkdylru wkdw zh upo| h{shfw
wr eh g|vixqfwlrqdo lq wkh orqj uxq1 Pruh suhflvho|/ lq wkh uhdo zruog/ xqolnh lq rxu h{shulphqw/
vxemhfwv duulyh dw wkh rujdql}dwlrq zlwk dq delolw| wkdw grhv qrw fkdqjh iurp shulrg wr shulrg1
Wkh| duh hlwkhu kljk ru orz delolw| zrunhuv1 Zkdw rxu uhvxowv suhglfw lv wkdw vxfk rujdql}dwlrqv
zloo hyroyh ryhu wlph lqwr d fdvwh v|vwhp lq zklfk d vhw ri kljk delolw| zrunhuv zloo frpshwh iru
wkh rujdql}dwlrqdo sul}hv zkloh wkh uhpdlqlqj orz delolw| zrunhuv zloo eh ohiw ehklqg1 Rqfh orz
delolw| zrunhuv gurs rxw/ dv orqj dv zh dvvxph wkh| gr qrw uhhqwhu wkh jkw iru rujdql}dwlrqdo
sul}hv/ zh zrxog h{shfw wkh kljk delolw| zrunhuv wr dovr orzhu wkhlu hruwv vlqfh wkh| zloo hyhqwxdoo|
uhdol}h wkdw wkhuh lv ohvv frpshwlwlrq rxw wkhuh wkdq wkh| lqlwldoo| h{shfwhg1 Khqfh/ lq wkh orqj uxq
zh pljkw dfwxdoo| h{shfw orzhu hruwv wkdq suhglfwhg e| Progrydqx dqg Vhod1 Ixuwkhu/ zh fdq
dovr h{shfw vxfk rujdql}dwlrqv wr kdyh kljkhu wkdq rswlpdo wxuqryhu ohyhov vlqfh dq| rujdql}dwlrq
frpsrvhg ri ryhu dfklhyhuv dqg dolhqdwhg gurs rxwv fdq qrw eh d sohdvdqw sodfh wr zrun1
D vhfrqg qglqj lv wkdw frqwhvwv zlwk olqhdu frvwv/ rq dyhudjh/ holflw h{fhvv hruwv zkloh
wkrvh zlwk txdgudwlf frvwv holflw hruw ohyhov zklfk duh hlwkhu wrr orz +lq fdvh ri rqh sul}h, ru
dssur{lpdwho| htxdo wr wkh htxloleulxp hruwv +lq fdvh ri wzr sul}hv,1 Lw lv lqvwuxfwlyh wr frpsduh
wklv uhvxow zlwk wkrvh uhsruwhg lq uhodwhg vwxglhv1 Wkhuh lv dpsoh hylghqfh wkdw wkhuh lv ryhu0
glvvlsdwlrq uhodwlyh wr wkh Qdvk htxloleulxp lq uhqw0vhhnlqj frqwhvwv +Gdylv dqg Uhloo|/ 4<<;> Srwwhuv
hw do1/ 4<<;, dv zhoo dv lq vlqjoh0xqlw doo0sd| dxfwlrqv +Jqhh}| dqg Vprurglqvn|/ 4<<<> Dpdqq dqg
Ohlqlqjhu/ 4<<;,1 Eduxw hw do1 5335 vkrz wkdw wkh ryhu0glvvlsdwlrq uhvxow fduulhv ryhu wr pxowlsoh0
xqlw doo0sd| dxfwlrqv1 Dovr/ hruw deryh wkh UQQH ^ulvn0qhxwudo Qdvk htxloleulxp` lv wkh prvw
frpprq rxwfrph lq vlqjoh xqlw uvw0sulfh sulydwh ydoxh dxfwlrqv1 +Ndjho 4<<8/ s1 856,1 Lq
53vxp/ wkh hylghqfh frqfhuqlqj ryhu0glvvlsdwlrq lq uhqw0vhhnlqj frqwhvwv ru ryhu0h{huwlrq lq +doo0sd|,
dxfwlrqv lv ryhuzkhoplqj1 Lq wkh oljkw ri wklv hylghqfh/ rxu ryhu0h{huwlrq uhvxow lq wkh frqwhvwv zlwk
olqhdu frvwv lv kdugo| vxusulvlqj1 Krzhyhu/ wkh xqghu0h{huwlrq ru forvh0wr0rswlpdo hruw uhvxow lq wkh
frqwhvwv zlwk txdgudwlf frvwv lv1 Ixuwkhupruh/ zkloh ryhu elgglqj lq h1j1 uvw0sulfh dxfwlrqv fdq eh
udwlrqdol}hg e| dvvxplqj wkdw vxemhfwv duh ulvn0dyhuvh +vhh h1j1 Fr{ hw do1 4<;;,/ ulvn dyhuvlrq fdqqrw
frkhuhqwo| h{sodlq wkh glhuhqw sdwwhuqv uhjduglqj uhyhqxh revhuyhg lq rxu h{shulphqwv vlqfh ulvn
dyhuvlrq zrxog suhglfw xqghu0h{huwlrq uhodwlyh wr wkh ulvn0qhxwudo Qdvk htxloleulxp lqghshqghqw ri
wkh nlqg ri frvwv frqwhvwdqwv kdyh wr ehdu1
Ilqdoo|/ rxu wklug qglqj lv uhodwhg wr wkh h!flhqf| ri frqwhvwv lq rujdql}dwlrqv= Zrunhuv
duh wr eh surprwhg rq wkh edvlv ri wkhlu vnloov dqg delolwlhv1 Vlqfh zrunhuv xvxdoo| glhu zlwk uhvshfw
wr wkhlu delolwlhv dqg vlqfh wkh htxloleulxp0hruw ixqfwlrqv duh vwulfwo| prqrwrqlf zlwk uhvshfw wr
delolw|/ wkh frqwhvwv dqdo|}hg lq wklv vwxg| wkhruhwlfdoo| vhuyh wkh sxusrvh ri dzduglqj surprwlrq
sul}hv wr wkrvh zrunhuv kdylqj wkh kljkhvw delolwlhv1 Zh revhuyh/ krzhyhu/ wkdw lq rqo| 83093( ri
wkh fdvhv rxu h{shulphqwdo frqwhvwv duh zrq e| kljkhvw0delolw| vxemhfwv1 Wkh uhdvrqv gulylqj wklv
uhvxow duh olnho| huuruv lq ghflvlrq pdnlqj dqg lglrv|qfudwlf ru udqgrp ehkdylru ri vrph ri wkh
vxemhfwv dv uhyhdohg e| wkh dqvzhuv wr d srvw0h{shulphqwdo txhvwlrqqdluh1
J
Lq frqfoxvlrq/ zkdw pd| dsshdu wr eh dq rswlpdo rujdql}dwlrq +ru frqwhvw, rq sdshu pd| qrw
eh rqh lq uhdolw|1 Wkh surshqvlw| ri zrunhuv wr gurs rxw zkhq wkh| vxvshfw wkdw wkh| gr qrw kdyh
d vx!flhqw fkdqfh ri zlqqlqj dq rujdql}dwlrqdo sul}h ohdgv wr d fdvwh v|vwhp zlwklq rujdql}dwlrqv
zklfk lv pdq| wlphv ghprudol}lqj wr doo zkr zrun wkhuh1
Uhihuhqfhv
^4` Dpdqq/ H1 dqg Z1 Ohlqlqjhu +4<<;,= Dxfwlrqv dqg Frqwhvwv= Dq H{shulphqwdo Lqyhvwljdwlrq/
Zluwvfkdiwvwkhruhwlvfkh Glvnxvvlrqvehlwuçjh/ Qu1<;039/ Hvvhq Xqlyhuvlw|1
^5` Eduxw/ \1/ G1 Nryhqrfn/ dqg F1 Qrxvvdlu +5335,= D frpsdulvrq ri pxowlsoh xqlw doo0sd| dxfwlrq
dqg zlqqhu sd| dxfwlrq xqghu lqfrpsohwh lqirupdwlrq/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz 76/
9:80:3;1
K
D fdvh lq srlqw lv d vxemhfw lq wuhdwphqw OF04 zkr vwdwhg= ^111` Wkhq L zdv vwloo iuxvwudwhg wkdw L kdgq*w hyhu
kdg wkh kljkhvw qxpehu1 Mxvw iru ixq/ L w|shg 41<9 dqg jrw wkh h{wud srlqw/ dv zhoo dv d srvlwlyh surw1 Iurp wkdw
srlqw/ L rqo| slfnhg h{wuhpho| kljk qxpehuv1 Dqrwkhu vxemhfw lq wuhdwphqw TF05/ zurwh Diwhu d zkloh lw ehfdph
fohdu wkdw qxpehuv/ zklfk glg qrw zlq/ zrxog uhfhlyh d kljk qhjdwlyh ydoxh1 Wkhuhiruh L vwduwhg wr fkrrvh ydoxhv ryhu
31;3 wr uhfhlyh wkh 3183 sd|phqw/ ghvslwh wkh idfw wkdw lw uhgxfhg wkh surw1
54^6` Fr{/ M1 F1/ Y1 O1 Vplwk/ dqg M1 P1 Zdonhu +4<;;,= Wkhru| dqg lqglylgxdo ehkdylru ri uvw0sulfh
dxfwlrqv/ Mrxuqdo ri Ulvn dqg Xqfhuwdlqw| 4/ 940<<1
^7` Gdylv/ G1 dqg U1 Uhloo| +4<<;,= Gr wrr pdq| frrnv dozd|v vsrlo wkh vwhzB Dq h{shulphqwdo
dqdo|vlv ri uhqw vhhnlqj dqg wkh uroh ri d vwudwhjlf ex|hu/ Sxeolf Fkrlfh <8/ ;<04481
^8` Ilvfkedfkhu/ X1 +4<<<,= ]0Wuhh/ ]xulfk Wrroer{ iru Uhdg|pdgh Hfrqrplf H{shulphqwv/ Zrun0
lqj sdshu 54/ Lqvwlwxwh iru Hpslulfdo Uhvhdufk lq Hfrqrplfv/ Xqlyhuvlw| ri ]xulfk1
^9` Jqhh}|/ X1 dqg U1 Vprurglqvn| +4<<<,= Doo0sd| dxfwlrqv= Dq h{shulphqwdo vwxg|/ plphr/
Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Kdlid1
^:` Ndjho/ M1 K1 +4<<8,= Dxfwlrqv= D vxuyh| ri h{shulphqwdo uhvhdufk/ lq= Kdqgerrn ri h{shulphqwdo
hfrqrplfv/ hgv= M1 K1 Ndjho dqg D1 H1 Urwk/ Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq1
^;` Progrydqx/ E1 dqg D1 Vhod +5334,= Wkh rswlpdo doorfdwlrq ri sul}hv lq frqwhvwv/ Dphulfdq
Hfrqrplf Uhylhz <4/ 875088;1
^<` Srwwhuv/ M1/ F1 gh Y ulhv dqg I1 ydq Zlqghq +4<<;,= Dq h{shulphqwdo h{dplqdwlrq ri udwlrqdo
uhqw0vhhnlqj/ Hxurshdq Mrxuqdo ri Srolwlfdo Hfrqrp| 47/ :;60;331
^43` Vfkrwwhu/ D1 dqg N1 Zhljhow +4<<5,= Dv|pphwulf Wrxuqdphqwv/ Htxdo Rssruwxqlw| Odzv dqg
D!updwlyh Dfwlrq= Vrph H{shulphqwdo Uhvxowv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43:/ 8440
86<1
D Lqvwuxfwlrqv iru wuhdwphqw OF05
Wklv lv dq h{shulphqw lq ghflvlrq0pdnlqj1 Li |rx pdnh jrrg ghflvlrqv |rx fdq hduq d vxevwdqwldo dprxqw ri
prqh|/ zklfk zloo eh sdlg wr |rx zkhq |rx ohdyh1 Wkh fxuuhqf| lq wklv ghflvlrq sureohp lv fdoohg Srlqwv1
Doo sd|rv duh ghqrplqdwhg lq wklv fxuuhqf|1 Dw wkh hqg ri wkh h{shulphqw |rxu hduqlqjv lq Srlqwv zloo eh
frqyhuwhg lqwr uhdo X1V1 grooduv dw d udwh lqglfdwhg ehorz1
Dv |rx uhdg wkhvh lqvwuxfwlrqv |rx zloo eh lq d urrp zlwk d qxpehu ri rwkhu vxemhfwv1 Hdfk vxemhfw
kdv ehhq udqgrpo| dvvljqhg dq +hohfwurqlf, LG qxpehu1
Wkh h{shulphqw frqvlvwv ri 83 ghflvlrq urxqgv1 Lq hdfk ghflvlrq urxqg |rx zloo eh jurxshg zlwk
wkuhh rwkhu vxemhfwv e| d udqgrp gudzlqj ri LG qxpehuv1 Wkhvh wkuhh vxemhfwv zloo eh fdoohg |rxu jurxs
phpehuv1 \rxu jurxs phpehuv zloo uhpdlq wkh vdph wkurxjkrxw wkh hqwluh h{shulphqw1 Wkh lghqwlw| ri
|rxu jurxs phpehuv zloo qrw eh uhyhdohg wr |rx1
55Wkh Ghflvlrq Sureohp
Lq wkh h{shulphqw |rx zloo shuirup d vlpsoh wdvn1 Dw wkh ehjlqqlqj ri hdfk urxqg wkh frpsxwhu zloo
uvw lqghshqghqwo| jhqhudwh d udqgrp qxpehu iru hyhu| jurxs phpehu1 Wkh udqgrp qxpehu zloo eh rqh ri
wkh 84 qxpehuv lq wkh vhw ~3183/ 3184/ / 41331 Hdfk ri wkhvh 84 qxpehuv kdv dq htxdoo| olnho| fkdqfh ri ehlqj
fkrvhq1 \rx zloo wkhq eh lqiruphg derxw wkh udqgrp qxpehu wkdw zdv fkrvhq iru |rx1 \rx zloo/ krzhyhu/
qrw eh lqiruphg derxw wkh udqgrp qxpehuv wkdw zhuh fkrvhq iru wkh rwkhu jurxs phpehuv1 Wkhvh udqgrp
qxpehuv zloo eh lpsruwdqw wr |rx vlqfh wkh| zloo ghwhuplqh |rxu frvwv lq wkh h{shulphqw dv h{sodlqhg ehorz1
Diwhu lqiruplqj |rx derxw |rxu udqgrp qxpehu/ wkh frpsxwhu zloo dvn doo jurxs phpehuv wr vlpxowdqhrxvo|
fkrrvh d Ghflvlrq Qxpehu +zklfk zloo eh wkh rqo| ghflvlrq |rx kdyh wr pdnh lq d urxqg1, Wklv Ghflvlrq
Qxpehu pxvw eh fkrvhq iurp wkh vhw ri qxpehuv ~3/ 3134/ 3135/ 111/ 31;51 Dvvrfldwhg zlwk hdfk Ghflvlrq
Qxpehu duh ghflvlrq frvwv1 Wkhvh ghflvlrq frvwv ghshqg rq |rxu udqgrp qxpehu dv zhoo dv rq wkh Ghflvlrq
Qxpehu |rx fkrvh1 Pruh suhflvho|/ wkh ghflvlrq frvwv zloo eh htxdo wr wkh surgxfw ri wkh udqgrp qxpehu
dqg |rxu Ghflvlrq Qxpehu1 Iru h{dpsoh/ vd| |rx uhfhlyh d udqgrp qxpehu ri 319 dqg lq wkh h{shulphqw
fkrrvh d Ghflvlrqv Qxpehu ri 31:1 Wkhq |rxu frvw zrxog eh 3175 @ 31: { 3191 Li lqvwhdg |rxu udqgrp
qxpehu zdv 31< dqg |rx fkrvh d Ghflvlrq Qxpehu ri 31:/ |rxu ghflvlrq frvwv zrxog eh 3196 @ 31: { 31<1 \rx
fdq frqvlghu |rxu udqgrp qxpehu wr eh wkh shu0xqlw frvw ri fkrrvlqj d Ghflvlrq Qxpehu vr wkh kljkhu wkh
udqgrp qxpehu wkh kljkhu lv wkdw shu xqlw frvw1 Qrwh wkdw wkh ghflvlrq frvwv dvvrfldwhg zlwk wkh Ghflvlrq
Qxpehu 3 duh htxdo wr 31
Wr khos |rx fdofxodwh zkdw wkh frvw ri dq| Ghflvlrq Qxpehu zloo eh jlyhq |rxu udqgrp qxpehu/ zh
kdyh surylghg |rx zlwk d fdofxodwru wkdw lv orfdwhg rq wkh ohiw kdqg vlgh ri |rxu ghflvlrq vfuhhq1 Wr qg wkh
ghflvlrq frvw dvvrfldwhg zlwk dq| Ghflvlrq Qxpehu vlpso| hqwhu d Ghflvlrq Qxpehu lqwr wkh er{ dqg wkhq
sxvk wkh exwwrq frpsxwh1 \rxu frvw zloo wkhq eh vkrzq wr |rx dw wkh wrs ohiw fruqhu ri |rxu vfuhhq1
Zkhq |rx duh uhdg| wr pdnh |rxu qdo ghflvlrq/ sohdvh hqwhu |rxu Ghflvlrq Qxpehu lqwr wkh er{ rq
wkh uljkw kdqg vlgh ri |rxu vfuhhq dqg sxvk wkh exwwrq RN1
Fdofxodwlrq ri Sd|rv
\rxu sd|r lq hdfk ghflvlrq urxqg zloo eh frpsxwhg dv iroorzv1 Iluvw ri doo/ lq hdfk urxqg hdfk
sduwlflsdqw zloo uhfhlyh d  dw sd|phqw ri 3153 Srlqwv qr pdwwhu zklfk qxpehu kh ru vkh dqg wkh rwkhu jurxs
phpehuv kdyh fkrvhq1 Zkhwkhu ru qrw |rx uhfhlyh dq dgglwlrqdo {hg sd|phqw zloo eh ghwhuplqhg lq wkh
iroorzlqj zd|1 Diwhu hyhu| phpehu ri |rxu jurxs kdv hqwhuhg klv ru khu Ghflvlrq Qxpehu/ wkh frpsxwhu
zloo frpsduh doo ri wkh Ghflvlrq Qxpehuv ri wkh irxu phpehuv ri |rxu jurxs1 Li |rxu Ghflvlrq Qxpehu lv
rqh ri wkh wzr kljkhvw/ |rx zloo uhfhlyh wkh {hg sd|phqw ri 318 Srlqwv rwkhuzlvh |rx uhfhlyh qr dgglwlrqdo
{hg sd|phqw1 Li wkuhh ru pruh jurxs phpehuv fkrvh wkh kljkhvw Ghflvlrq Qxpehu/ wkhq wkh frpsxwhu zloo
56udqgrpo| ghwhuplqh zklfk wzr ri wkhvh wlhg phpehuv uhfhlyh wkh dgglwlrqdo {hg sd|phqw ri 318 Srlqwv1
Wkrvh vxemhfwv zlwk Ghflvlrq Qxpehuv wkdw duh qrw wkh kljkhvw wzr zloo uhfhlyh qrwklqj1 Iurp |rxu {hg
sd|phqw +ri hlwkhu 318 Srlqwv ru 3 Srlqwv, |rx zloo kdyh wr vxewudfw |rxu ghflvlrq frvw1 Khqfh/ zkloh fkrrvlqj
d kljk Ghflvlrq Qxpehu lqfuhdvhv wkh suredelolw| wkdw |rx zloo zlq d srvlwlyh {hg sd|phqw lw dovr lqfuhdvhv
wkh frvw ri grlqj vr1 Lq dgglwlrq/ li |rxu Ghflvlrq Qxpehu lv qrw rqh ri wkh wzr kljkhvw ri wkh jurxs/ |rx zloo
uhfhlyh qr dgglwlrqdo {hg sd|phqw dqg kdyh wr vxewudfw |rxu ghflvlrq frvwv iurp |rxu lqlwldo  dw sd|phqw1
\rxu sd|r lq d jlyhq urxqg lv fdofxodwhg dv iroorzv= Iluvw/ dv phqwlrqhg deryh/ |rx uhfhlyh d  dw
sd|phqw +IS, ri 3153 Srlqwv1 Lq dgglwlrq li |rx fkrvh rqh ri wkh wzr kljkhvw Ghflvlrq Qxpehuv |rx zloo eh
sdlg d {hg sd|phqw ri 318 Srlqwv iurp zklfk |rx zloo vxewudfw |rxu ghflvlrq frvw1 Li |rx gr qrw fkrrvh
rqh ri wkh wzr kljkhvw Ghflvlrq Qxpehuv/ |rx zloo uhfhlyh d {hg sd|phqw ri 3 dqg vwloo kdyh wr vxewudfw
|rxu ghflvlrq frvwv1 Wkh uhvxowlqj qxpehu lv pxowlsolhg e| 433 wr |lhog |rxu qdo Srlqwv sd|r1 Wklv lv wkhq
frqyhuwhg lqwr grooduv dw wkh udwh ri 48 Srlqwv @ '41 Wkxv/ |rxu qdo sd|r lq Srlqwv lq d jlyhq urxqg lv=
Sd|r @ 433-+Iodw sd|phqw . Il{hg sd|phqw +3 ru 318, 0 Ghflvlrq Frvw,1
Qrwh= Wr pdnh olih hdvlhu iru |rx vr wkdw |rx gr qrw kdyh wr hqwhu ghflpdo Srlqwv/ |rx zloo qrw eh
dvnhg wr hqwhu d Ghflvlrq Qxpehu iurp wkh vhw ~3/ 3134/ 3135/ 111/ 31;5 exw iurp wkh vhw ~3/ 4/ 5/ 111/ ;51 Wkh
frpsxwhu zloo wkhq dxwrpdwlfdoo| glylgh wkh Ghflvlrq Qxpehuv ri doo jurxs phpehuv e| 433 ehiruh vwduwlqj
wr hydoxdwh wkhp1
H{dpsoh ri Sd|r Fdofxodwlrq
Vxssrvh wkh iroorzlqj rffxuv= Jurxs phpehu 4 jhwv dvvljqhg udqgrp qxpehu 31;3 dqg fkrrvhv
Ghflvlrq Qxpehu 3154 +54,1 Jurxs phpehu 5 jhwv dvvljqhg udqgrp qxpehu 3188 dqg fkrrvhv Ghflvlrq
Qxpehu 314: +4:,1 Jurxs phpehu 6 jhwv dvvljqhg udqgrp qxpehu 31<4 dqg fkrrvhv Ghflvlrq Qxpehu 3138
+8,1 Jurxs phpehu 7 jhwv dvvljqhg udqgrp qxpehu 31:: dqg fkrrvhv Ghflvlrq Qxpehu 3166 +66,1
Vlqfh jurxs phpehuv 7 dqg 4 fkrvh wkh kljkhvw wzr Ghflvlrq Qxpehuv wkh| uhfhlyh wkh Sd|phqw
ri 318 Srlqwv zkhuhdv doo rwkhu jurxs phpehuv uhfhlyh qr sd|phqw1 Wkhuhiruh/ jurxs phpehu 7*v hduqlqjv
lq wklv urxqg zrxog eh 433-+3153 . 318 0 31::-3166, @ 7718< Srlqwv zkhuhdv jurxs phpehu 4*v hduqlqjv lq
wklv urxqg zrxog eh 433-+3153 . 318 0 31;3-3154, @ 8615 Srlqwv1 Jurxs phpehuv 5/ dqg 6 hdfk uhfhlyh qr
dgglwlrqdo sd|phqw1 Wkhuhiruh jurxs phpehu 5 zrxog hduq 433-+3153 . 3 0 3188-314:, @ 43198 Srlqwv/ dqg/
qdoo|/ jurxs phpehu 6 zrxog hduq 433-+3153 . 3 0 31<4-3138, @ 48178 Srlqwv1
Qrwh djdlq wkdw wkh ghflvlrq frvw lv d ixqfwlrq ri wkh udqgrp qxpehu dqg wkh Ghflvlrq Qxpehu1 Qrwh
dovr wkdw |rxu hduqlqjv lq d urxqg ghshqg rq wkh iroorzlqj= |rxu udqgrp qxpehu/ |rxu Ghflvlrq Qxpehu
dqg |rxu jurxs phpehuv* Ghflvlrq Qxpehuv1 \rxu hduqlqjv gr qrw ghshqg rq |rxu jurxs phpehuv* udqgrp
qxpehuv1
57Frqwlqxlqj Urxqgv
Diwhu urxqg 4 lv ryhu/ wkh vdph surfhgxuh zloo eh uhshdwhg iru urxqg 5/ dqg vr rq iru 83 urxqgv1
Wkdw lv/ lq hdfk urxqg d udqgrp qxpehu zloo uvw eh jhqhudwhg iru |rx/ wkhq |rx zloo fkrrvh d Ghflvlrq
Qxpehu zklfk zloo eh frpsduhg wr wkh Ghflvlrq Qxpehuv ri wkh rwkhu phpehuv ri |rxu jurxs/ dqg wkh
frpsxwhu zloo fdofxodwh |rxu hduqlqjv iru wkh urxqg1
Diwhu hdfk urxqg |rx zloo eh lqiruphg derxw zklfk sd|phqw |rx uhfhlyh1 Lq fdvh |rx gr uhfhlyh
d srvlwlyh sd|phqw |rx zloo eh lqiruphg derxw wkh udqgrp qxpehu ri wkh rwkhu jurxs phpehu zkr dovr
uhfhlyhg d sd|phqw ri 318 Srlqwv1 Lq fdvh |rx gr qrw uhfhlyh d srvlwlyh sd|phqw +ehfdxvh |rxu Ghflvlrq
Qxpehu zdv qrw rqh ri wkh wzr kljkhvw dprqj wkh Ghflvlrq Qxpehuv ri doo jurxs phpehuv ru ehfdxvh |rx
zhuh qrw udqgrpo| vhohfwhg lq fdvh |rx dqg dw ohdvw wzr rwkhu jurxs phpehuv fkrvh wkh kljkhvw Ghflvlrq
Qxpehu, |rx zloo eh lqiruphg derxw wkh udqgrp qxpehuv ri wkh jurxs phpehuv zkr uhfhlyhg wkh sd|phqw
ri 318 Srlqwv1
Fdofxodwlrq ri Ilqdo Prqhwdu| Sd|phqw
Dw wkh vwduw ri wkh h{shulphqw |rx jhw d rqh0r hqgrzphqw ri :8 Srlqwv1 +Wklv lv wkh '8 vkrz0xs
ihh |rx zhuh surplvhg/ vhh ehorz1,
Zkhq urxqg 83 lv frpsohwhg/ wkh frpsxwhu zloo udqgrpo| vhohfw 43 ri wkh 83 urxqgv1 \rxu qdo
sd|r lq wkh h{shulphqw zloo eh wkh vxp ri |rxu lqglylgxdo hduqlqjv lq Srlqwv iru rqo| wkhvh 43 urxqgv +soxv
|rxu hqgrzphqw,1 Iru hdfk 48 Srlqwv |rx zloo eh sdlg 4 '1
W uldo Shulrgv
Dw wkh ehjlqqlqj ri wkh h{shulphqw wkhuh zloo eh wkuhh wuldo shulrgv wkdw gr qrw frxqw wrzdugv
sd|phqw ri uhdo prqh|1
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